This Letter presents the observation and measurement of electroweak production of a same-sign W boson pair in association with two jets using 36.1 fb −1 of proton-proton collision data recorded at a center-of-mass energy of √ s = 13 TeV by the ATLAS detector at the Large Hadron Collider. The analysis is performed in the detector fiducial phase-space region, defined by the presence of two same-sign leptons, electron or muon, and at least two jets with a large invariant mass and rapidity difference. A total of 122 candidate events are observed for a background expectation of 69 ± 7 events, corresponding to an observed signal significance of 6.5 standard deviations. The measured fiducial signal cross section is σ fid. = 2.89 +0.51 −0.48 (stat.)
perturbative quantum chromodynamics (QCD). All multileg processes were simulated combining the various final-state topologies with the MEPS merging algorithm [20, 24] and matched to the S v2.2.2 internal parton shower, hadronization and underlying-event modeling [19, 25] . The renormalization and factorization scales were set to the invariant mass of the four-lepton system at the matrix-element level. An alternative signal sample was simulated with P -B [26] [27] [28] [29] and P 8.230 [30] at NLO QCD accuracy and employing the VBS approximation [31] , the NNPDF3.0NLO PDF set, and renormalization and factorization scales set to the W boson mass. The V γ processes were simulated with exactly three EW vertices using S v2.1.1 at NLO (up to one parton) or LO accuracy (up to three partons) using the CT10NLO PDF set [32] . Electroweak V γ j j processes were simulated using S v2.2.4 with NNPDF3.0NNLO, with exactly five orders of the EW coupling, and at LO QCD accuracy. The triboson production processes were simulated with S v2.1.1 and the CT10NLO PDF set. M 5_ MC@NLO [33] with NNPDF3.0NLO and P 8.210 were used to simulate ttV processes at NLO QCD accuracy.
The W ± W ± j j electroweak production cross section is measured in a fiducial region defined at particle level in MC simulation by requiring exactly two same-sign leptons with a transverse momentum, p T , greater than 27 GeV and |η| < 2.5; leptons are defined as electrons and muons produced in W boson decays and that do not originate from τ decays. The lepton four-momentum includes the four-momenta of photons inside a cone of size ∆R = 0.1 around the lepton. The two leptons must be separated by a distance of ∆R > 0.3 and must have an invariant mass, m , greater than 20 GeV. The magnitude of the vector sum of the transverse momenta of the two final-state neutrinos with highest p T must be greater than 30 GeV. Jets are reconstructed using the anti-k t algorithm [34] with radius parameter R = 0.4 and using all final-state particles, except for neutrinos and charged leptons from W boson decays. Jets are required to have p T > 35 GeV and |η| < 4.5. Events with a charged lepton that is within a cone of radius ∆R j = 0.3 around a jet are vetoed. The fiducial region requires at least two jets, including one with p T > 65 GeV and another with p T > 35 GeV. The two highest-p T jets must have an invariant mass m j j > 500 GeV and a rapidity difference |∆y j j | > 2.
The fiducial cross section predicted by S for W ± W ± j j electroweak production is 2.01 +0.33 −0.23 fb. The uncertainty includes independent variations of the renormalization and factorization scales by factors of 0.5 and 2 with the constraint 0.5 ≤ µ F /µ R ≤ 2 which contribute +14% −11% ; it also includes uncertainties from the NNPDF3.0 ensemble, as well as differences between the CT14 [35] and MMHT2014 [36] PDF sets ( +2.5% −1.5% ) [37] . Uncertainties in the parton shower, hadronization, and underlying-event modeling are evaluated by varying the MEPS matching and resummation scales and amount to +8% −1% . P +P 8 predicts a signal fiducial cross section of 3.08 +0.45 −0.46 fb, with the uncertainties derived using the same procedures as for the S prediction, except for the uncertainty in the parton shower modeling, which is estimated as the difference relative to P +H 7 [38, 39] . The S electroweak samples suffer from a non-optimal setting of the color flow for the parton shower, which leads to an excess of central emissions. The resulting effect on differential distributions is alleviated since up to one additional parton is included in the matrix element, although this leads to the lower predicted cross section [22] .
Events are required to contain at least one reconstructed proton interaction vertex. The vertex with the highest p 2 T sum of associated ID tracks is selected as the primary vertex. Electrons are reconstructed from energy clusters in the electromagnetic calorimeter that are matched to tracks reconstructed in the ID with the requirement of a hit in the innermost pixel layer [40] . Electron and muon candidates must satisfy loose identification criteria [40, 41] , have p T > 6 GeV, and |η| < 2.47 and |η| < 2.7, respectively. ID tracks matched to electron and muon candidates are required to originate from the primary vertex. The transverse impact parameter significance of the electron (muon) candidate must satisfy |d 0 /σ d 0 | < 5 (10); the longitudinal impact parameter multiplied by the sine of the polar angle of the lepton candidates must satisfy |z 0 sin θ| < 0.5 mm. Electrons and muons passing these selections are further referred to as baseline leptons.
Jets are reconstructed from calorimeter energy clusters [42, 43] using the anti-k t algorithm with radius parameter R = 0.4. Jets are required to have p T > 30 GeV in the forward region (2.4 < |η| < 4.5) and p T > 25 GeV in the central region (|η| < 2.4). Central jets with p T < 60 GeV must be matched to the primary vertex [44] . Jets containing b-hadrons (b-jets) are identified in the range of |η| < 2.5 with an efficiency of 85% using techniques described in Ref. [45] . Selected electron, muon and jet candidates are required to be non-overlapping using the procedures described in Ref. [16] . The missing transverse momentum, E miss T , is computed using selected electrons, muons and jets, and the track-based soft term defined in Ref. [46] . Events are selected online by single-electron or single-muon triggers [47] . Candidate events are selected by requiring exactly two same-sign baseline leptons, electron or muon, with m > 20 GeV and by requiring E miss T > 30 GeV. They are required to contain at least two jets, including one with p T > 65 GeV and another with p T > 35 GeV. Events with at least one identified b-jet are rejected in order to reduce background contributions from top-quark pair production (tt). The two highest-p T jets are required to have m j j > 200 GeV and |∆y j j | > 2. These jet selection criteria were optimized to separate the W ± W ± j j electroweak process from the strong production and other background processes.
After these selections, the dominant source of background events is due to leptons originating from decays of heavy-flavor hadrons and jets misidentified as electrons, collectively referred to as non-prompt leptons. Additional selection criteria are applied to reduce their contributions. Signal electrons are required to satisfy tight identification criteria [40] , to have p T > 27 GeV, and to be outside the calorimeter transition region (1.37 < |η| < 1.52). Signal muons are required to satisfy medium identification criteria [41] , and to have p T > 27 GeV. Signal electrons and muons are further required to be isolated from nearby particles, with isolation criteria defined using calorimeter clusters and ID tracks. These isolation criteria are optimized to have an efficiency of at least 90% for p T > 25 GeV and at least 99% for p T > 60 GeV [40, 41] . For dielectron events, the electron pseudorapidity is restricted to |η| < 1.37 and events with |m ee − 91.2 GeV| < 15 GeV are discarded. These criteria reduce the background from electron charge misreconstruction described later. Candidate events with exactly two signal leptons are said to pass the full event selection.
The contributions from the W Z, V γ, Z Z, ttV and triboson production are estimated using simulation. The predicted event yields of the W Z and V γ processes are normalized to data in dedicated control regions. The normalization of the W Z background is determined using events with exactly three leptons, two of which are required to pass the signal lepton selection, and that satisfy the dijet and E miss T selection criteria. Events from V γ production enter the signal region when a photon is misidentified as an electron. The modeling of this misidentification process in simulation is corrected using Z → µ + µ − γ events where a photon is emitted by a muon and then misidentified as an electron. These events are selected by requiring exactly two opposite-sign signal muons, one signal electron, E miss T < 30 GeV and a trilepton invariant mass satisfying 75 GeV < m µµe < 100 GeV. A normalization factor of 1.8 is derived from this control region and used to correct the simulated V γ events. To account for the differences between the Zγ and W γ processes, the full effect of this correction factor is assigned as a systematic uncertainty, corresponding to 44% of the estimated V γ yield. The relative contributions from electroweak and strong production of W Z and V γ processes are estimated from simulation since this analysis is not sensitive to their different admixtures. Theoretical uncertainties in the predictions of the Z Z, V γ, triboson, and ttV backgrounds vary from 20% to 30% [23, 48, 49] .
Background contributions with non-prompt leptons are estimated by weighting data events from dedicated control regions by scale factors. These scale factors are measured in dijet events containing exactly one lepton that is p T -balanced by a b-jet. The b-jet requirement enhances non-prompt lepton contributions and suppresses contributions from W/Z bosons, which are subtracted from data using simulation. The scale factor is defined as the ratio of the number of signal leptons to the number of leptons passing a dedicated background selection. The background leptons are required to pass the baseline lepton selection and fail the signal lepton selection, where background electrons are in addition required to satisfy medium identification criteria [40] . Moreover, the background electron (muon) p T is required to be greater than 20 (15) GeV. Separate scale factors are computed for muons and for central and forward electrons. The scale factors are measured as a function of the scalar sum of the background lepton p T and the additional activity around the lepton. This activity, p iso30 T , is quantified by the sum of the p T of ID tracks that are within a cone of size ∆R = 0.3 around the lepton and originate from the primary vertex.
Data events, that are weighted by the scale factors, are taken from control regions defined using the full event selection criteria except that one lepton is required to pass the background lepton selection and its p T is replaced with p T + p iso30 T , with this sum required to be greater than 27 GeV. A statistically independent control region is defined for each bin of the m j j distribution. The uncertainty of the estimated non-prompt background yields is approximately 50% in µ ± µ ± final states and varies between 40% and 90% for e ± e ± and e ± µ ± final states. It includes the systematic uncertainty of the scale factors and the statistical uncertainty of the control regions. The former uncertainty is derived from variations in the composition of the dijet control regions where these factors are measured, obtained by varying the selection criteria. The entire method is validated in regions enriched with non-prompt leptons from tt (W+jet) events selected by requiring exactly two same-sign leptons and exactly one (zero) b-jet among a total of at least (less than) two jets. In these regions, the number of observed data events and the number of predicted background events agree within their uncertainties.
Opposite-sign lepton pairs pass the full event selection when an electron undergoes an interaction with the detector material resulting in incorrect charge reconstruction. The probability of this charge misreconstruction, misrec. , is measured in Z → e + e − events [40] and it increases from about 0.1% in the central region to a few percent in the forward region for |η| > 2. The background contributions from electron charge misreconstruction are estimated from data using opposite-sign lepton pairs that satisfy the full event selection criteria, except for the same-sign requirement; these events are weighted by misrec. and the electron energy loss due to the material interaction is corrected with η-dependent factors derived from simulation [40] . The overall method is validated by comparing the number of observed same-sign electron pairs having |m ee − 91.2 GeV| < 15 GeV with the predicted background yield, with the two numbers agreeing within the systematic uncertainty of 15%. This uncertainty is dominated by the statistical uncertainty in the measurement of misrec. , which is less than 10% in the forward region and up to 20% in the central region. The charge misreconstruction of muons is found to be negligible.
The systematic uncertainties arising from the mismodeling of the reconstructed objects are estimated primarily from data and their impact on the analysis is assessed using simulated events. The dominant source is the uncertainty of the jet energy scale, which amounts to 2% for the signal and 10% for the W Z background. The uncertainty in the measurement of the integrated luminosity is 2.1% [50] .
The theory modeling uncertainties of the m j j distributions predicted by S for W ± W ± j j and W Z processes are evaluated using the procedures described above. Only the modeling of the event selection efficiency and the shape of the m j j distribution affect the measured fiducial cross section of the W ± W ± j j signal, since absolute normalization uncertainties cancel in this measurement. Effects of the NLO electroweak corrections [51] and of the interference between electroweak and strong W ± W ± j j production [52] are assigned as an uncertainty in the m j j shape of the W ± W ± j j signal, amounting to 6% and 4%, respectively. This approach is used because of the lack of event generators that implement the complete NLO calculation and because the interference contribution is defined only at the leading order [8] . The overlap of the QED radiation in the S parton shower model with the NLO EW corrections is found to be negligible.
Signal events are categorized by their lepton flavor and charge into six mutually exclusive channels: e ± e ± , e ± µ ± , and µ ± µ ± , in order to exploit their different signal and background compositions. The signal region is defined as m j j > 500 GeV and further split into four m j j bins, optimized to increase the expected signal sensitivity. Events with 200 GeV < m j j < 500 GeV serve as additional control regions, dominated by contributions from non-prompt lepton and W Z backgrounds. The resulting 30 bins of the m j j distributions in the signal and control regions are combined in a profile likelihood fit [53] to extract the fiducial cross section.
The signal strength, a free parameter in the fit, multiplies the expected fiducial W ± W ± j j electroweak production cross section used to produce the signal template. The signal template of reconstructed W ± W ± j j electroweak events also includes candidate events with electrons and muons produced in W decays into τ lepton. Since the fiducial cross section prediction does not include such events, their fractional contribution predicted by the simulation is removed from the fiducial cross section measurement. Systematic uncertainties are included in the fit as nuisance parameters constrained by Gaussian functions. The W Z control region is also included in the fit as a single bin and the normalization of the W Z background is included as a free parameter. The analysis choices maximize the expected significance for the W ± W ± j j electroweak signal predicted by S at 4.4σ. A significance of 6.5σ is expected for the signal predicted by P -B . Table 1 compares the numbers of data events in the signal region with the background and signal event yields after the fit; the signal region contains 122 data events, compared with a best-fit yield of 69 ± 7 background events. By fitting the data and background events in the signal and control regions, the background-only hypothesis is rejected with a significance of 6.5σ. The left plot in Figure 1 shows the control region events separated into categories and the m j j distribution in the signal region after the fit. All nuisance parameters remain within their one standard deviation uncertainties after the fit. The normalization of the W Z background is scaled by a factor of 0.86 +0.07 −0.07 (stat.) +0.18 −0.08 (exp. syst.) +0.31 −0.23 (mod. syst.), constrained mainly by the observed number of data events in the W Z control region. Figure 2 shows the m distribution in the signal region after the fit. Table 1 : Summary of the data event yields, and the signal and background event yields in the signal region as obtained after the fit. The numbers are shown for the six individual channels and for all channels combined. The backgrounds from V γ production and electron charge misreconstruction are combined in the "e/γ conversions" category. The "Other prompt" category combines Z Z, VVV and ttV background contributions.
1.09 ± 0.27 11.6 ± 1.9 7.9 ± 1.4 5.0 ± 0.7 3.4 ± 0.6 30 ± 4 Non-prompt 2.2 ± 1.1 1.2 ± 0.6 5.9 ± 2.5 4.7 ± 1.6 0.56 ± 0.05 0.68 ± 0.13 15 ± 5 e/γ conversions 1.6 ± 0.4 1.6 ± 0.4 6.3 ± 1.6 4.3 ± 1.1 --13.9 ± 2.9 Other prompt 0.16 ± 0.04 0.14 ± 0.04 0.90 ± 0.20 0.63 ± 0.14 0.39 ± 0.09 0.22 ± 0.05 2.4 ± 0.5
Expected background 5.8 ± 1.4 4.1 ± 1.1 28 ± 4 18.8 ± 2.6 7.7 ± 0.9 5.1 ± 0.6 69 ± 7
W ± W ± j j electroweak 5.6 ± 1.0 2.2 ± 0.4 24 ± 5 9.4 ± 1. where the uncertainties correspond to the statistical, experimental systematic, theory modeling systematic and luminosity uncertainties, respectively. The experimental systematic uncertainty includes the detector systematic uncertainties and the uncertainties in estimating all background processes except for the W Z and W ± W ± j j strong production processes that are accounted for in the modeling systematic uncertainty. Table 2 summarizes the impacts of different components of systematic uncertainty.
The measured fiducial cross section includes contributions from both the W ± W ± j j electroweak production and its interference with the W ± W ± j j strong production, estimated to be approximately 6% of the predicted fiducial cross section for W ± W ± j j electroweak production. The fiducial cross section for the W ± W ± j j electroweak production, without the interference effect, is predicted by S and P +P 8 to be 2.01 +0. 33 −0.23 fb and 3.08 +0.45 −0.46 fb, respectively. The impact on the measured fiducial cross section of using P +P 8 instead of S to generate the m j j signal template was tested and found to be smaller than the 3.6% signal modeling uncertainty. Figure 2 : The m distribution for events meeting all selection criteria for the signal region is shown as predicted after the fit. The hatched band represents the statistical and systematic uncertainties of the background prediction added in quadrature. The fitted signal strength and nuisance parameters have been propagated, with the exception of the uncertainties due to the interference and electroweak corrections for which a flat uncertainty is assigned. The backgrounds from V γ production and electron charge misreconstruction are combined in the "e/γ conversions" category. The "Other prompt" category combines Z Z, VVV and ttV background contributions. The last bin of the distribution includes the overflow. Table 2 : Impact of different components of systematic uncertainty on the measured fiducial cross section, without taking into account correlations. The impact of one source of systematic uncertainty is computed by first performing the fit with the corresponding nuisance parameter fixed to one standard deviation up or down from the value obtained in the nominal fit, then these up and down variations are symmetrized. The impacts of several sources of systematic uncertainty are added in quadrature for each component. The categorization of sources of systematic uncertainties into experimental and theory modeling correspond to those used for the measured fiducial cross section.
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